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INTRODUCTION 
The work under t h i s  Grant is gene ra l ly  concerned wi th  t h e  generat ion,  
cont ro l ,  and s t a b i l i z a t i o n  of o p t i c a l  frequency r a d i a t i o n .  I n  p a r t i c u l a r ,  
we a r e  concerned w i t h  ob ta in ing  tunab le  o p t i c a l  sources by  means of non- 
l i n e a r  o p t i c a l  techniques.  During t h i s  per iod,  work was a c t i v e  i n  t h e  
fo l lowing  areas .  These were: f i r s t ,  p u l s e  lengthening v i a  overcoupled 
i n t e r n a l  second harmonic genera t ion ;  second, e l e c t r o n i c  t un ing  and s h o r t  
pu l s ing  of  dye l a s e r s ;  t h i r d ,  l a s e r  s t a b i l i z a t i o n  s t u d i e s ;  and four th ,  
backward wave o s c i l l a t i o n .  Progress  r e p o r t s  on these  t o p i c s  a r e  g iven  
i n  t h e  fol lowing s e c t i o n s .  
During t h i s  pe r iod  t h e  fo l lowing  p u b l i c a t  ions have appeared i n  
t h e  l i t e r a t u r e  : 
S. E. Harris ,  "Tunable Op t i ca l  Parametr ic  Osc i l l a to r s ,  " D o c .  IEEE 
57, 2096 (~ecember  1969).  
S. E. Harris, S .T.K. Nieh, and D. K. Winslow, "E lec t ron ica l ly  
Tunable Acousto-Optic F i l t e r , "  Appl. Phys. L e t t e r s  325 (~ovember  1969).  
J. E. Murray and S. E. Harr is ,  "Pulse Lengthening V i a  Overcoupled 
I n t e r n a l  Second Harmonic Generat ion, " J . Appl . Phys . kJ, 609 ( ~ e b r u a r ~  1970) . 
1. Pulse Lengthening Via Overcoupled I n t e r n a l  Second Harmonic Generation 
(J.  E. Murray and S. E. ~ a r r i s )  
The experimental  e f f o r t  on t h e  KDP-ruby l a s e r  system has been com- 
p l e t ed .  The fundamental p u l s e  lengthening  experiment was succes s fu l  
and ind ica t ed  s u b s t a n t i a l  agreement w i th  t h e  p rev ious ly  presented  theory .  
The r e s u l t s  of t h e  second harmonic experiment, however, were d isappoin t ing  
due t o  t h e  low damage th re sho ld  of t h e  l a s e r  mi r ro r s  t o  t h e  second harmonic 
r a d i a t i o n .  
The experiment a t  t h e  fundamental l a s e r  frequency was repea ted  w i t h  
cons iderably  improved r e s u l t s .  The c a v i t y  geometry used was e s s e n t i a l l y  
t he  same a s  t h a t  presented  i n  t h e  last  r e p o r t ;  t h e  mi r ro r  spacing was 
near  t o  hemispherical  t o  g ive  a l a r g e  mode volume a t  t h e  ruby c r y s t a l  
and a smal l  mode a t  t h e  second harmonic genera tor .  
The d a t a  f o r  24 consecut ive f i r i n g s  of t h e  l a s e r  a t  cons tan t  pumping 
power a r e  presented  i n  Fig.  1. The va lues  of  @ l e s s  t han  i t s  maximum 
a t  ak = 0 were obta ined  by tun ing  wi th  angle.  Since t h e  c a v i t y  mode 
apparent ly  changed a s  t h e  second harmonic c r y s t a l  was tuned away from 
Ak = 0 , it was necessary t o  experimental ly  o b t a i n  t h i s  tun ing  curve 
of B vs  angle.  For t h i s ,  t h e  geometry of t h e  p u l s e  lengthening  expe r i -  
ment was used wi th  t h e  l a s e r  opera ted  i n  t h e  normal mode r a t h e r  than  i n  
the  Q-switched mode. 
The t h e o r e t i c a l  curves on t h e  f i g u r e  a r e  based on a 25th l a s e r  s h o t  
wi th  t h e  second harmonic c r y s t a l  detuned t o  give a @ of e s s e n t i a l l y  
zero.  I t s  p u l s e  l eng th  of 35 nsec and t h e  b e s t  e s t ima te  of t h e  c a v i t y  
l i f e t i m e ,  7. = 3.45 nsec , gave a va lue  f o r  t h e  i n i t i a l  invers ion  of  
C 
no = 1.5 ; t h i s  was s u f f i c i e n t  t o  e s t a b l i s h  the  t h e o r e t i c a l  curves.  
FIG. 1--Pulse width and energy vs  @ from the  fundamental pulse  lengthening experiment. The c i r c l e s  
and t r i a n g l e s  represent  experimentally obtained pulse  widths and energies, respect ive ly ,  f o r  
24 consecutive pulses  a t  constant  pumping power. The s o l i d  curves a re  t h e o r e t i c a l  f i t s  based 
on a pulse  with @ = 0 . 
The decrease i n  p u l s e  energy wi th  @ evident  i n  t h e  d a t a  was due 
t o  t he  change i n  t h e  f i n a l  value of t h e  popula t ion  inversion,  
nf 
wi th  @ . For @ = 0 , n is between zero  and one, and approaches f 
L 
zero a s  t h e  i n i t i a l  popula t ion  inversion,  n , is  increased;  f o r  0 
t h i s  d a t a  with no = 1 . 4  and @ = 0 , nf = 0 . 7  For B much 
l a r g e r  than  one, n = 1 - 1/@ . The t o t a l  energy a v a i l a b l e  f o r  l a s e r  f 
a c t i o n  i s  given by 
and s ince  t h i s  d a t a  was taken  wi th  no = 1 .4  , t h e  change i n  n from f 
0 .7 t o  0.98 gave r i s e  t o  a s u b s t a n t i a l  change i n  pu l se  energy. For 
l a r g e r  va lues  of 
no 
, t h e  percentage change would be correspondingly 
l e s s .  However, f o r  any va lue  of n , t he  p u l s e  energy becomes 0 
e s s e n t i a l l y  independent of @ f o r  l a r g e  va lues  of B , 
The c a l c u l a t e d  va lues  of E and @ based on the  c a v i t y  geometry T 
used were about t h r e e  t imes l a r g e r  than  those  observed experimental ly;  
t h e  f a c t  t h a t  bo th  va lues  were too  l a r g e  by t h e  same amount sugges ts  
t h a t  t he  e r r o r  i s  i n  a f a c t o r  common t o  both  terms, t he  most l i k e l y  
candidate  being t h e  mode a r e a  i n  t h e  l a s e r  c r y s t a l .  Twyman-Green 
interferograms of  t h e  ruby rod i n d i c a t e  t h a t  t h e r e  was cons iderable  
d i s t o r t i o n  i n  t h e  v i c i n i t y  of t h e  beam p a t h  through t h e  rod .  This, 
coupled wi th  t h e  e f f e c t s  of thermal  focus ing  i n  t h e  rod, could poss ib ly  
account f o r  t h e  above discrepancy by decreas ing  t h e  e f f e c t i v e  c a v i t y  
l eng th  and t h e r e f o r e  reducing t h i s  mode s i z e .  
G o  Wagner and B. A. Lengyel, J. Appl. Phys. & 2040 (1963). 
These experimental r e s u l t s  i n d i c a t e  t h a t  Q-switched ruby pu l se s  
wi th  ha l f -wid ths  of 150 - 180 nsec and pu l se  ene rg i e s  of 1 0  m i l l i j o u l e s  
o r  more can be obtained e a s i l y  and repea tab ly  . This is a  pu l se  l e n g t h  
of 6 - 1 0  t imes longer  than  is normally obta ined  i n  t h e  lowest  o r d e r  
t r ansve r se  mode from ruby l a s e r s  w i th  t h i s  p u l s e  energy. Considerably 
longer  p u l s e s  (e.g., 740 nsec at 16.5 m i l l i j o u l e s )  were obtained wi th  
t i g h t e r  focus ing  geometries and h igher  pumping energies ,  bu t  t h e s e  
r e s u l t s  were not  r epea t ab le .  
The c a v i t y  geometry f o r  t h e  second harmonic experiment was s i m i l a r  
t o  t h a t  f o r  t h e  fundamental except t h a t  t h e  h igh  t ransmiss ion  sapphi re  
e t a l o n  was rep laced  wi th  a  second 60 cm d i e l e c t r i c  coated mir ror .  The 
mir ror  coa t ings  were h ighly  r e f l e c t i n g  a t  t h e  fundamental frequency and 
about 85$ t r a n s m i t t i n g  a t  t h e  second harmonic. Unfortunately,  t h e s e  
mi r ro r s  damaged a t  second harmonic pu l se  ene rg i e s  of more than  2 t o  3 
m i l l i j o u l e s .  Although pu l se  lengthening  was observed a t  t h e s e  second 
harmonic p u l s e  energies ,  t h i s  maximum s e t  by t h e  damage th re sho ld  of t h e  
mi r ro r s  was t o o  low t o  be of p r a c t i c a l  i n t e r e s t  t o  us .  Also it 
prevented t h e  a c q u i s i t i o n  of d a t a  such a s  t h a t  of F ig .  1 because it was 
t o o  near  t h e  de t ec t ab le  minimum of t h e  TRG thermopile  used t o  monitor 
pu lse  ene rg i e s .  
2 Elec t ronic  Tuning and Short Pulsing of Dye Lasers 
(D.  J, Taylor and S. E. ~ a r r i s )  
The goal  of t h i s  p ro jec t  i s  t o  obta in  an e l e c t r o n i c a l l y  tunable 
coherent l ight2  source by i n s e r t i n g  an acousto-optic f i l t e r  element i n t o  
t h e  cavi ty  of a  dye l a s e r .  I n  our l a s t  repor t  we discussed s e v e r a l  
aspects  of t h e  theory of t h i s  device. Since then considerable progress 
has been made i n  t h e  design and const ruct ion  of t h e  experimental apparatus. 
The configurat ion shown i n  Fig.  2 i l l u s t r a t e s  t h e  components needed 
t o  obtain an acous t i ca l ly  tunable dye l a s e r .  The dye c e l l ,  which may b e  
exci ted  by flashlamps o r  by another l a s e r  of higher frequency, provides a 
l a r g e  gain f o r  a  broad band of o p t i c a l  frequencies. A narrow frequency 
band of t h e  y-polarized l i g h t  incident  on t h e  acousto-optic element i s  
d i f f r a c t e d  i n t o  the  orthogonal po la r i za t ion  by t h e  c o l l i n e a r  acousto-optic 
i n t e r a c t i o n  and i s  passed by t h e  z-polarizer ,  while f o r  frequencies outs ide  
t h i s  band no d i f f r a c t i o n  occurs and the  y-polarized l i g h t  i s  blocked by t h e  
z-polar izer .  Af ter  r e f l e c t i o n  from t h e  mirror t h e  narrow band i s  again 
d i f f r ac ted ,  from z-polarized t o  y-polarized, and passes through t h e  
y-polar izer  t o  experience gain  i n  the  dye c e l l .  Thus only f o r  t h i s  narrow 
band of frequencies i s  t h e  l o s s  outside t h e  dye low enough t o  allow o s c i l -  
l a t i o n s  t o  b u i l d  up. 
There a r e  severa l  f a c t o r s  t h a t  render t h e  s impl i f i ed  conf igura t ion  
considered above unacceptable. Most c r i t i c a l  i s  t h e  requirement t h a t  
t h e  acoust ic  wave t r a v e l  c o l l i n e a r l y  with t h e  o p t i c a l  wave, which must be  
achieved without p lac ing t h e  acoust ic  t ransducer,  with i t s  metal e lec t rodes ,  
i n  t h e  o p t i c a l  path. This can be accomplished by r e f l e c t i n g  t h e  acoust ic  
beam off  an inc l ined  f r e e  end surface  through which t h e  l i g h t  a l s o  passes;  

t h e  r e f l e c t i o n  process w i l l  be  discussed below. Other c r i t i c i s m s  of t h e  
above configurat ion include t h e  l a r g e  number of surfaces ,  each with cer -  
t a i n  r e f l e c t i o n  losses  which may represent  cav i ty  l o s s  f o r  t h e  des i red  
narrow frequency band, and t h e  p o s s i b i l i t y  of t h e  normal surfaces  of 
the  y-polar izer  r e f l e c t i n g  enough l i g h t  back i l l to the  dye, with i t s  
extremely l a r g e  gain,  t o  permit o s c i l l a t i o n  a t  undesired frequencies.  The 
a c t u a l  experimental conf igura t ion  must avoid these  problems. 
The acousto-optic f i l t e r  w i l l  be  a  calcium molybdate ( C ~ M O O  ) c r y s t a l ,  4 
chosen because of i t s  high e las to -op t i c  coe f f i c i en t s  and because i t s  low 
bi ref r ingence  permits tuning with r e l a t i v e l y  low acoust ic  frequencies,  
about 60 MHz. The development of t h e  growth technique f o r  high o p t i c a l  
q u a l i t y  CaMo04 c r y s t a l s  i s  a continuing p ro jec t  a t  S tanfo rd ' s  Center f o r  
Materials  Research, and boules up t o  10  cm i n  length  have been grown. One 
recurr ing  problem in  every a-axis  c r y s t a l  grown t o  da te  has been t h e  exis -  
tence of a  filament of o p t i c a l  inhomogeneity i n  t h e  cross-sec t ional  cen te r ,  
extending over t h e  length of t h e  boule. During t h i s  l a s t  qua r t e r  we grew 
a boule of CaMoO of s u f f i c i e n t l y  l a r g e  t ransverse  dimensions (2 .1  cm x 1.6 cm) 4 
t h a t  it can be cut  lengthwise i n t o  two usable c r y s t a l s ,  each 3.4 cm long, with 
t h e  f i lament of inhomogeneity e s s e n t i a l l y  cut  out.  This c r y s t a l  was 
evaluated o p t i c a l l y  by standard t e s t s  developed a t  t h i s  lab2 f o r  t ransmission 
( l e s s  than 2% v a r i a t i o n  over cross-sec t ion)  and b i ref r ingence  (uniform 
over t h e  cross-sect ion except a t  t h e  center  core,  and uniform along t h e  
c r y s t a l  l eng th ) .  This c r y s t a l ,  a f t e r  being s l i c e d  lengthwise, w i l l  be 
used f o r  t h e  acousto-optic f i l t e r  element. 
2 R. L. Byer and J. F. Young, "Quali ty Test ing of LiNbO Crys ta ls ,  I '  
Stanford  University Microwave Laboratory Report No. 1749 (A& 1969), 
t o  be  published i n  Journal  of Applied Physics. 
- 8 -  
During t h i s  l a s t  quar ter  we have constructed our own dye l a s e r .  
Since we already had a  high-power b lue  l a s e r  ava i l ab le  t o  e x c i t e  t h e  
dye, t h i s  ac tua l ly  proved t o  be r e l a t i v e l y  simple; because of t h e  high 
gain  of t h e  dye cavi ty ,  mirror alignment i s  not too  c r i t i c a l  t o  achieve 
l a s ing .  The e x c i t a t i o n  l a s e r  was developed here3 and i s  a  N ~ ~ ' : Y A G  l a s e r  
opera.ting a t  t h e  0.946 p l i n e ,  which i s  i n t e r n a l l y  doubled t o  0.473 p by a  
LiIO c r y s t a l  and Q-switched by an acous t i c  Q-switch t o  achieve high peak 
3  
output power (5 kW max) i n  the  blue, r e p e t i t i v e l y  pulsed a t  1 0  pps. We 
plan  t o  use t h e  dye sodium f luoresce in  ( a l s o  c a l l e d  uranine) ,  which 
can be made t o  l a s e  i n  ethanol  ( e a s i e s t ) ,  methanol, o r  water (hardes t ) ,  
and has a  broad gain  band of 300-400 8 i n  t h e  yellow-green. Experimentally, 
t h e  most s i g n i f i c a n t  aspect of the  dye i s  i t s  very l a r g e  gain,  which we 
were able  t o  measure by measuring i t s  threshold  energy both wi th  and 
without a  3  dB n e u t r a l  dens i ty  f i l t e r  placed ins ide  t h e  cavi ty .  For 
molar concentrat ion i n  ethaiio1,the highest  ga in  solu t ion ,  we measured 
a = 1.07/k~-cm; f o r  t h i s  dye so lu t ion  i n  a  .9 cm c e l l  with a  5 kW pump 
we should be able  t o  obta in  threshold  even f o r  s ingle-pass cav i ty  l o s s e s  
a s  high as  82$ . In  our experiment we w i l l  use a  molar concentrat ion 
of sodium f luoresce in  i n  ethanol,  with a  center  wavelength of 5370 8. 
For c o l l i n e a r  i n t e r a c t i o n  of t h e  o p t i c a l  and acoust ic  waves along t h e  
x-axis i n  CaMoO t h e  necessary acoust ic  wave i s  an S shear  wave, which 4  13  
a s  mentioned above, can be obtained by r e f l e c t i o n  from an i n c l i n e d  surface ,  
wi th  t h e  inc ident  wave t r ave l ing  along t h e  z-axis being e i t h e r  a  shear  
wave o r  a long i tud ina l  wave. I f  a  shear  wave i s  incident ,  a l l  t h e  acous t i c  
'R. W. Wallac and S. E. Harris ,  "Osci l la t ion  and Doubling of t h e  
0.946 p. Line i n  Nd5':YAG," Appl. Phys. Le t t e r s  - 15, 111 (flugust 1969) 
energy i s  t r ans fe r red  t o  t h e  r e f l e c t e d  shear wave and the  surface  must be 
0 
a t  45 s ince  the  vel .oci t ies  of t h e  inc ident  and r e f l e c t e d  shear  waves a r e  
equal. Because of t h e  high index of r e f r a c t i o n  of CaMoO t h e r e  i s  no 4 '  
incident  angle f o r  which l i g h t  r e f r a c t e d  a t  t h i s  45' surface can propagate 
along t h e  x-axis unless the  c r y s t a l  i s  surrounded by a  l i q u i d  (which 
s t i l l  allows the  surface  t o  be considered acous t i ca l ly  f r e e )  with an 
index g r e a t e r  than 1.422. For an inc ident  long i tud ina l  wave t h e  process 
i s  c a l l e d  mode conversion; when a  long i tud ina l  wave i s  obliquely inc ident  
upon a  f r e e  surface,  the re  a r e  i n  genera l  2 r e f l e c t e d  waves, one long i tud ina l  
and one shear .  Their  d i rec t ions  and amplitudes depend upon t h e  e l a s t i c  
p roper t i e s  ( v e l o c i t i e s  of propagation) of the  ma te r i a l  and t h e  angle of 
incidence, and can be determined by requi r ing  t h a t  t h e  normal component 
-i -i 
of the  s t r e s s  tensor  (n . T )  vanish a t  a  f r e e  surface.  The mode conversion 
process i n  CaMoO was analyzed using the  i s o t r o p i c  approximation. Imposing 4  
t h e  condi t ion  t h a t  t h e  r e f l e c t e d  shear  wave propagate along t h e  x-axis 
s p e c i f i e s  t h e  angle of incidence t o  be 61'39' , and t h e  r e s u l t i n g  96.2% 
conversion of energy from t h e  inc ident  long i tud ina l  wave i n t o  t h e  r e f l e c t e d  
shear wave i s  very c lose  t o  t h e  maximum conversion t h a t  could be obtained 
i n  CaMoO a t  t h e  optimum angle of incidence. A ca lcu la t ion  t o  es t imate  4  
t h e  maximum amount of l i g h t  t h a t  could be de f l ec ted  by t h e  r e f l e c t e d  
long i tud ina l  wave v i a  other  e l a s to -op t i c  tensor  elements ind ica ted  t h a t  
even f o r  t h e  g r e a t l y  exaggerated f i g u r e  of 100 wat ts  of inc ident  
long i tud ina l  power, t h e  de f l ec ted  o p t i c a l  i n t e n s i t y  i s  l e s s  than 10  -8 
of the  inc ident  l i g h t ,  and i s  the re fo re  a  neg l ig ib le  o p t i c a l  l o s s .  
Because t h e  normal t o  t h e  inc l ined  surface  i s  c lose r  t o  t h e  x-axis f o r  
t h e  longi tudinal - to-shear  mode conversion case than f o r  t h e  shear- to-shear 
case,  it i s  e a s i e r  t o  introduce the  o p t i c a l  beam i n t o  t h e  CaMoO t o  propagate 4 
along the  x-axis,  and can even be done from a i r .  
The primary c r i t e r i o n  f o r  the  experimental configurat ion must be 
t h e  minimization of s ingle-pass o p t i c a l  l o s s  outs ide  t h e  dye, wi th  
secondary c r i t e r i a  of s impl ic i ty  of cons t ruct ion  and ease of  alignment. 
The configurat ion t h a t  b e s t  s a t i s f i e d  these  c r i t e r i a  i s  shown i n  Fig.  3; 
i t s  ove ra l l  s ingle-pass transmission, assuming 10% o p t i c a l  d i f f r a c t i o n  
e f f i c i ency  i n  t h e  CaMoO and neglect ing mirror  losses ,  i s  83%. The 4 
CaMoO c r y s t a l  w i l l  be immersed i n  the  dye s o l u t i o n  t o  reduce t h e  number 4 
of surfaces i n  t h e  cav i ty  and t o  provide b e t t e r  matching of indices  of 
r e f r a c t i o n  ( a t  5370 8 ethanol  n = 1.3639). Longitudinal-to-shear mode 
conversion w i l l  be accomplished a t  t h e  surface  cut  a t  angle al . The 
other  surface  i s  cut  a t  angle a2 f a1 t o  permit t h e  z-polarized beam 
leaving t h e  a2 surface  t o  be p a r a l l e l  t o  t h e  y-polarized beam leaving 
t h e  al surface;  having a2 f a1 a l s o  ensures agains t  acoust ic  resonances, 
which can l i m i t  t h e  o p t i c a l  d i f f r a c t i o n  ef f ic iency.  With t h i s  conf igura t ion  
the re  a r e  no normal surfaces  o f f  which r e f l e c t e d  l i g h t  could allow t h e  
dye t o  l a s e  a t  undesired frequencies. F i n a l l y ,  t h e r e  i s  the  p o s s i b i l i t y  
of obtaining t h e  output coupling by allowing somewhat l e s s  than 10% 
o p t i c a l  d i f f r a c t i o n  from z- t o  y-polarized l i g h t  and taking advantage 
of t h e  double r e f r a c t i o n  phenomenon t o  couple t h e  remaining z-polarized 
l i g h t  out of t h e  cavity;  i n  t h i s  way output coupling could be va r i ed  
e l e c t r o n i c a l l y  wi th in  t h e  f i l t e r  element by changing t h e  acoust ic  d r i v e  
amplitude. 
A t  t h i s  time t h e  CaMoO c r y s t a l  i s  being cut  and polished, and t h e  4 
other  components a r e  being assembled, and during t h e  next quar ter  the  
e l e c t r o n i c a l l y  tunable dye l a s e r  w i l l  be t e s t e d .  

During t h i s  l a s t  quar ter  we began evaluat ion of a new nonlinear 
mater ia l ,  G ~ ~ ( M O O ~ ) ~  , which may prove t o  be use fu l  f o r  parametric o s c i l -  
l a t o r s  i n  the  in f ra red .  It i s  a f e r r o e l e c t r i c  c r y s t a l ,  with a Curie 
0 
temperature of 160 C,  and a t  room temperature it i s  s l i g h t l y  orthorhombic, 
but  almost un iax ia l .  Because of i t s  symmetry p r o p e r t i e s  (rnm 2 point  group 
3% room temperature) and the  f a c t  t h a t  n > n f o r  t h i s  mater ia l ,  only 
e 0 
Type I1 phasematching, i n  which t h e  s igna l  and i d l e r  a re  orthogonally 
polarized,  i s  poss ib le ,  and a higher birefr ingence i s  needed than f o r  
Type I phasematching ( s i g n a l  and i d l e r  i d e n t i c a l l y  po la r i zed) .  We 
measured t h e  indices  of r e f r a c t i o n  of a sample of G ~ ~ ( M O  ) a t  severa l  4 3 
wavelengths, using an apparatus s imi lar  t o  t h a t  described by W. L .  Bond, 
4 
and found t h a t  phasematching does not appear t o  be poss ib le  f o r  the  de- 
generate parametric process 1 . 0 6 ~  4 2 . 1 2 ~  o r  higher frequency degenerate 
processes.  Inves t iga t ion  i n t o  the  p roper t i e s  of t h i s  ma te r i a l  i s  continuing. 
4 W .  L .  Bond, "~easurement of the  Refract ive Indices of Several  Crys ta ls ,"  
J. Appl. Phys. - 36, 1674 ( M ~ Y  1965). 
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3. Laser S t a b i l i z a t i o n  (S . C .  wang) 
The goa l  of t h i s  p r o j e c t  i s  t o  s t a b i l i z e  a l a s e r  u s ing  i n t e r n a l  
s a t u r a b l e  absorpt ion.  I n  p a r t i c u l a r ,  we a r e  cont inuing work wi th  t h e  
He-Xe l a s e r  (3.31 p) us ing  DME (di-methyl-ether)  and low p res su re  
xenon a s  s a t u r a b l e  absorbers .  
The experimental  work on DME has now been completed. From t h e  
measurement of t h e  absorp t ion  c o e f f i c i e n t  v s  p re s su re  of t h e  DME gas 
a t  3.51 p, we have obta ined  t h e  fol lowing s i g n i f i c a n t  information.  
The low p res su re  ( < 5  ~ o r r )  absorp t ion  c o e f f i c i e n t  is approximately 
4 x l o M 3  em-' ~ o r r - l ,  and t h e  t r a n s i t i o n  l i f e t i m e  is approximately 
2 seconds; t he  c o l l i s i o n  broadening frequency a t  15 Torr and 2 9 3 ' ~  
8 - is 1.6 x 10  sec  ', and a  s a t u r a t i o n  i n t e n s i t y  of about 2 mw/cm2 f o r  
DME a t  1 Torr  has  a l s o  been obtained.  The d e t a i l e d  r e s u l t s  have been 
submitted f o r  p u b l i c a t  ion.  5 
An attempt has  a l s o  been made t o  o b t a i n  a  q u a l i t a t i v e  i n t e r p r e t a -  
t i o n  of t h e  inve r t ed  Lamb d i p  spectrum observed with a  DME absorp t ion  
b 
c e l l  i n s i d e  the  l a s e r  o s c i l l a t o r .  A number of c l o s e l y  spaced absorp- 
t i o n  l i n e s  have been observed, and t h e  o r i g i n  of t h e s e  may be one o r  
more of t h e  fol lowing:  
(1)  S p l i t t i n g  of t h e  t o p  doublet  due t o  t h e  s l i g h t  asymmetry of  
t h e  DME molecule. This s p l i t t i n g  w i l l  be a  few t e n s  of MHz depending 
on t h e  J va lues .  
(2) Overlap of absorp t ion  band due t o  high o rde r  e f f e c t s  such 
a s  t h e  overtone of t h e  vk o s c i l l a t i o n ,  and c o r i o l i s  coupl ing.  
5 ~ .  C .  Wang and A. E. Siegman, "Absorption Coeff ic ien t ,  T rans i t  ion  
Lifet ime and C o l l i s i o n  Broadening Frequency of DME a t  3.51 & He-Xe Lasers,  I f  
submitted t o  IEEE J. Quant. E l e c t r .  
, 
b ~ .  I. Myers, p r i v a t e  communication. 
(3)  I n t e r n a l  r o t a t i o n  of t h e  molecule. 
Due t o  t h e  asymmetric and complicated s t r u c t u r e  of t h e  DME molecule, 
t he  assignment of J numbers, and q u a n t i t a t i v e  a n a l y s i s  is very d i f f i c u l t  . 
I n  t h i s  p a r t  of t h e  work on DME, we have demonstrated t h e  ex i s t ence  
of t he  inve r t ed  Lamb dip, which i s  e s s e n t i a l  f o r  frequency s t a b i l i z a -  
t ion,  and have obta ined  a l l  t h e  necessary information t o  use DME a s  a 
sa tu rab le  absorber .  However, due t o  i t s  asymmetric and complicated 
molecular s t r u c t u r e ,  t h e  use fu lnes s  a s  a frequency s t a b i l i z i n g  absorp t ion  
gas is l i m i t e d .  
Prel iminary r e s u l t s  on a second method of f requency s t a b i l i z a t i o n ,  
using a low p res su re  pure i so tope  Xe ga in  c e l l ,  have been very promising. 
In  t h i s  system, t h e  low p res su re  Xe c e l l  provides an enhanced Lamb d i p .  
The Xe c e l l  is cooled t o  l i q u i d  n i t rogen  temperatures  and a p re s su re  of 
approximately 5 p i s  maintained. The enhanced Lamb d i p  observed was 
approximately 5 MHz wide. The d i p  was s t rong  and easy  t o  observe. 
This experiment w i l l  be  continued dur ing  t h e  next qua r t e r .  
4. Backward Wave O s c i l l a t i o n  (J. Fa lk  and S. E. ~ a r r i s )  
The backward wave o s c i l l a t o r  p r o j e c t  is an attempt t o  produce 
coherent f a r  i n f r a red  r a d i a t i o n  by means of a  temporar i ly  uns tab le ,  
t h r e e  photon parametr ic  i n t e r a c t i o n .  
0 Attempts a t  backward wave o s c i l l a t i o n  t h i s  q u a r t e r  used 10  and 
15' cu t  l i t h i u m  niobate  and a  TEM mode ruby l a s e r .  These c r y s t a l  
00 
c u t s  were designed t o  provide  phase matching w e l l  below t h e  lowest  
0 
v i b r a t i o n a l  mode of LiNbO at 109 y. The 10 c u t  c r y s t a l  was expected 3 
t o  phase match a t  2  mm where t h e  c a l c u l a t e d  absorp t ion  l o s s  of L i m o  3' 
based on measured v i b r a t i o n a l  mode s t r eng ths ,  i s  0.20 cm-l. The 15' 
cu t  c r y s t a l  was expected t o  phase match at 1 mm where t h e  expected 
E f i e l d  l o s s e s  were be l i eved  t o  b e  0.76 cm-l. 
The ruby l a s e r ,  which has a nominal 2 mW output  of  20 nsec 
dura t ion ,  was focused wi th  45 cm and 1 9  cm l e n s e s  t o  provide a beam 
waist at t h e  c e n t e r  of t h e  LiNbO c r y s t a l .  I n  s p i t e  of t h e  f a c t  t h a t  3 
2  2  pump d e n s i t i e s  were w e l l  above the  160 m~/cm (100 m~/cm ) c a l c u l a t e d  
th re sho ld  f o r  t h e  10' (15') c u t  c r y s t a l  o s c i l l a t i o n  was not  observed. 
Detec t ion  equipment cons i s t ed  of a  one-meter Spex spectrometer  
( r e s o l u t i o n  - < 0.25 a) s e t  t o  photograph t h e  i d l e r  output  which was 
expected t o  b e  s e v e r a l  angstroms from t h e  ruby pump. 
We be l i eve  t h a t  our  f a i l u r e  t o  observe backward wave o s c i l l a t i o n  
i n  LiNbO was due t o  t h e  s t r a i n  induced b i r e f r ingence  wander commonly 3 
observed i n  a l l  b u t  a and b c u t  n ioba te  c r y s t a l s .  
Attempts a t  backward wave o s c i l l a t i o n  a r e  now being suspended 
pending t h e  improvement of t h e  q u a l i t y  of of f -angle  l i t h i u m  niobate  
c r y s t a l s  o r  t h e  development of o t h e r  m a t e r i a l s  s u i t a b l e  f o r  backward 
wave o s c i l l a t i o n .  
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